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MEASUREMENTS OF THE DISTANCES OF THE 
STARS* 


By F. W. 


ae the lecture in honor and memory of Edward Halley, 

which it is my privilege to deliver this year, I have chosen 
an account of the persistent efforts made by astronomers to 
measure the distances of the fixed stars. For many generations 
their attempts were unsuccessful, though some of them led to 
vreat and unexpected discoveries. It is less than eighty years 
ago that the distances of two or three of the nearest stars were 
determined with any certainty. The number was added to, 
slowly at first, but afterwards at a greater rate, and now that 
large telescopes are available and photographic methods have 
been developed, we may expect that in the next few years very 
rapid progress will be made. 

For many centuries astronomers had speculated on the 
distances of the stars. The Greeks measured the distance of the 

* This is the ** Halley Lecture ” (slightly abridged), delivered at Oxford on 


May 20, by the Astronomer Royal, and printed in the issue of Mature for June 3. 


It gives a simple and interesting account of a great subject.--Ep. 
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moon; they knew that the sun and planets were much further 
away, and placed them correctly in order of distance, guessing 
that the sun was nearer than Jupiter because it went round the 
sky in one year while Jupiter took twelve. The stars, from their 
absolute constancy of relative position, were rightly judged to be 
still more distant — but how much more they had no means of 
telling. 

In 1543 Copernicus published ‘‘ De Revolutionibus Orbium 
Ccelestium,’’ and showed that the remarkable movements of the 
planets among the stars were much easier to understand on the 
hypothesis that the earth moved annually round the sun. 
Galileo's telescope added such cogent arguments that the Coper- 
nican system was firmly established. Among other difficulties 
which were not cleared up at the time, one of the most important 
was this: If the earth describes a great orbit round the sun, its 
position changes very greatly. The question was rightly asked: 
Why do not the nearer stars change their positions relatively to 
the more distant ones? There was only one answer. Because 
they are so extremely distant. This was a hard saying, and the 
only reply which Kepler, who was a convinced believer in the 
earth's movement round the sun, could make to critics was 
Bolus erat devorandus.”’ 

Although no differences in the positions of the stars were 
discernible to the naked eye, it might be that smaller differences 
existed which could be detected by refined astronomical measure- 
ments. To the naked eye a change in the angle between neigh- 
boring stars not more than the apparent diameter of the sun or 
moon should be observable. No such changes are perceived. 
The stars are— it may be concluded —at least two hundred 
times as distant as the sun. With the instruments in use in the 
seventeenth century —before the telescope was used for the 
accurate measurement of angles— angles one-twentieth as large 


were measurable, and the conclusion was reached that the stars 


were at least four thousand times as distant as the sun. But no 
positive results were obtained. Attempts followed with the tele- 


scope and were equally unsuccessful. Hooke tried to find changes 
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in the position of the star y Draconis and failed. Flamsteed, 
Picard and Cassini made extensive observations to detect changes 
in the position of the pole star and failed. Horrebow thought 
he had detected slight changes in the position of Sirius due to its 
nearness in a series of observations made by Romer. He pub- 
lished a pamphlet, entitled ‘‘ Copernicus triumphans,’’ in 1727, 
but the changes in the position of Sirius were not verified by 
other observers, and were due to slight movements of Romer’s 
instruments. 

Thus in Halley's time it was fairly well established that the 
stars were at least 20,000 or 80,000 times as distant as the sun. 
Halley did not succeed in finding their range, but he made an 
important discovery which showed that three of the stars were 
at sensible distances. In 1718 he contributed to the Royal 
Society a paper entitled ‘‘ Considerations of the Change of the 
Latitude of Some of the Principal Bright Stars.’’ While pur- 
suing researches on another subject, he found that the three 
bright stars — Aldebaran, Sirius and Arcturus — occupied posi- 
tions among the other stars differing considerably from those 
assigned to them in the Almagest of Ptolemy. He showed that 
the possibility of an error in the transcription of the manuscript 
could be safely excluded, and that the southward movement of 
these stars to the extent of 37’, 42’ and 33’ —7. ¢., angles larger 
than the apparent diameter of the sun in the sky 
lished. He remarks: 


were estab- 


What shall we say then? It is scarce possible that the ancients could be 
deceived in so plain a matter, three observers confirming each other. Again these 
stars being the most conspicuous in heaven are in all probability nearest to the 
earth, and if they have any particular motion of their own, it is most likely to be 
perceived in them, which in so long a time as 1800 years may show itself by an 
alteration of their places, though it be utterly imperceptible in a single century of 
years. 

This is the first good evidence, 7. ¢., evidence which we now 
know to be true, that the so-called fixed stars are not fixed rela- 
tively to one another. It is the first positive proof that the 
distances of the stars are sensibly less than infinite. This, then, 
is the stage at which astronomers had arrived less than two 
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hundred years ago. The stars are at least 2(),000 to 30,000 times 
as distant as the sun, but three of the brightest of them are per- 
ceived to be not infinitely distant. 

The greatest step in the determination of stellar distances 
was made by another Oxford astronomer, James Bradley. His 
unparalleled skill as an astronomer was early recognized by 
Halley, who tells how 

Dr. Pound and his nephew, Mr. Bradley, did, myself being present, in the 
last opposition of the sun and Mars this way demonstrate the extreme minuteness 
of the sun’s parallax and that it was not more than twelve seconds nor less than 
nine seconds. 

Translated from astronomical language, the distance of the 
sun is between 95 and 125 millions of miles. Actually the dis- 
tance is 93 million miles. The astronomer who so readily 
measured the distance of the sun entered on the great research 
which had baffled his predecessors — the distance of the stars. 

The theory of the determination of stellar parallax is very 
simple: the whole difficulty lies in its execution, because the 
angles are so small that the slightest errors vitiate the results 
completely. Even at the present time with large telescopes, and 
mechanism which moves the telescope so that the diurnal move- 
ment of the stars is followed and they appear fixed to the obser- 
ver in the field of the telescope, and with the additional help of 
photography, the determination of the parallax of a star requires 
a good deal of care, and is a matter of great delicacy. But in 
Bradley's time telescopes were imperfect, and the mechanism for 
moving them uniformly to follow the diurnal rotation of the 
stars had not been devised. 

This was in some ways very fortunate, as the method Brad 
ley was forced to adopt led to two most important and unex- 
pected discoveries. [very day, owing to the earth’s rotation, 
the stars appear to describe circles in the sky. They reach the 
highest point when they cross the meridian or vertical plane 
running north and south. If we leave out all disturbing causes 


and suppose the earth's axis is quite fixed in direction, a star .S, 


if at a great distance from the earth, will always cross the meri- 
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dian at the same point S; but, if it is very near, its movement 
in the small parallactic ellipse will at one period of the year 
bring it rather north of its mean position and at the opposite 
period an equal amount south. 

Bradley, therefore, designed an instrument for measuring 
the angular distance from the -zenith, at which a certain star, 
y Draconis, crossed the meridian. This instrument is called a 
zenith sector. The direction of the vertical is given by a plumb- 
line, and he measured from day to day the angular distance of 
the star from the direction of the vertical. From December, 
1725, to March, 1726, the star gradually moved further south ; 
then it remained stationary for a little time ; then moved north- 
wards until, by the middle of June, it was in the same position 
as in December. It continued to move northwards until the 
beginning of September, then turned again and reached its old 
position in December. The movement was very regular and 
evidently not due to any errors in Bradley’s observations. But 
it was most unexpected. The effect of parallax — which Brad- 
ley was looking for—would have brought the star furthest 
south in December, not in March. The times were all three 
months wrong. Bradley examined other stars, thinking first 
that this might be due to a movement of the earth’s pole. But 
this would not explain the phenomena. The true explanation, 
it is said, although I do not know how truly, occurred to Brad- 
ley when he was sailing on the Thames, and noticed that the 
direction of the wind, as indicated by a vane on the mast-head, 
varied slightly with the course on which the boat was sailing. 
An account of the observations in the form of a letter from Brad- 
ley to Halley is published in the /%ilosophical Transactions for 
December, 1728: 

When the year was completed, I began to examine and compare my observa- 
tions, and having pretty well satishied myself as to the general laws of the phenom- 
ena, ( then endeavored to find out the cause of them. I was already convinced 
that the apparent motion of the stars was not owing to a nutation of the earth's 
axis. The next thing that offered itself, was an alteration in the direction of the 
plumb-line, with which the instrument was constantly rectified ; but this upon 


trial proved insufficient. Then I considered what refraction might do, but here 
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also nothing satisfactory occurred. At last I conjectured that all the phenomena 
hitherto mentioned, proceeded from the progressive motion of light and the earth’s 
annual motion in its orbit. For I perceived that, if light was propagated in time, 
the apparent place of a fixed object would not be the same when the eye is at rest, 
as when it is moving in any other direction, than that of the line passing through 
the eye and the object ; and that, when the eve is moving in different directions, 
the apparent place of the object would be different. 

This wonderful discovery of the aberration of light is usuaily 
elucidated by the very homely illustration of how an umbrella is 
held in a shower of rain. Suppose the rain were falling straight 
down and a man walking round a circular track; he always 
holds the umbrella a little in front of him — because when he is 
walking northward the rain appears to come a little from the 
north, when he is going eastward it appears to come a little from 
the east, and so on. 

Although the phenomena Bradley had observed were almost 
wholly explained in this way, there were still some residual 
changes, which took nineteen vears to unravel; and he explained 
these by a nutation or small oszillation of the earth’s axis, which 
took nineteen years to complete its period. I can not dwell on 
these two great discoveries. For our present purpose, it should 
be said that aberration and nutation cause far greater changes 
in the apparent positions of the stars than, we now know, are 
caused by parallax. Until they were understood and allowed 
for or eliminated, all search for parallax must have been in vain. 
Further, Bradley’s observations showed that in the case of 
y Draconis, at any rate, parallax did not displace the star by so 
much as 10 from its mean position, or that the star was 
200,000 times as distant as the sun. We may say that Bradley 
reached to just about the inside limit of the distances of the 
nearer stars. 

Let me now try to give some idea of what is meant by a 
parallax of 1”, which corresponds to a distance 200,000 times 
that of the sun. Probably many of you have looked at the 
second star in the tail of the Great Bear, Mizar, it is named, and 
have seen there isa fainter star near it, which you can see nicely 


on a fine night. These stars are 600" apart; with a big telescope 
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with a magnification of 600 times — and this is about as high a 
magnification as can be generally used in England—two stars 
1” apart are seen double just as clearly as Alcor and Mizar are 
seen with the naked eye. I think this is the most useful way to 
think of 1 —a very small angle, which one needs a magnifica- 
tion of 600 times to see easily and clearly. Bradley showed that 
y Draconis did not wander by this amount from its mean position 
among the stars in consequence of our changing viewpoint. 

The next attempt to which I wish to refer is the one made 
by Sir William Herschel. Ina paper communicated by him to 
the Roval Society in December, 1781, he reviews the serious 
difficulties involved in determining the parallax of a star by com- 
paring its zenith distance at different times of the year. 
[specially there is the uncertainty introduced by the refraction 
of light, and in addition as the angular distances of stars from 
the zenith are changed by precession, nutation and aberration, 
any errors in the calculated amount of these changes will ali 
affect the results. He proposed, therefore, to examine with his 
big telescope the bright stars and see which of them had faint 
stars near them. The bright stars, he said, are probably much 
nearer than the faint stars; andif the parallax does not even 
amount to 1” the case is by no means desperate. With a large 
telescope of very great perfection it should be possible to detect 
changes in the angular distance of two neighboring stars. By 
this differential method the difficulties inherent in the method of 
zenith distances will be eliminated. Herschel made a great sur- 
vey to find suitable stars, and in this way was led to the dis- 
covery of double stars — 7. e., of pairs of stars which are physi- 
cally connected and revolve around one another, just like sun 
and earth. This was a most important discovery, but as the two 
components of a double star are practically at the same distance 
from us they do not serve to determine parallax, for which we 
need one star to serve as a distant mark. 

For another forty years persistant efforts were made without 
success. Piazzi, in Italy, thought he had detected parallax in 
Sirius and a number of other bright stars, but the changes he 
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detected in the zenith distances were unquestionably due to 
errors introduced by uncertainty in refraction, or slight changes 
in the position of his instruments in the course of the year. Dr. 
Brinkley, in Dublin made a gallant effort and took the greatest 
pains. He thought he had succeeded, and for many years there 
was a controversy between him and Pond as to whether his 
results were trustworthy. The state of knowledge of the dis- 
tances of the fixed stars in 1825 is summed up accurately by 
Pond in the /ilosophical Transactions : 


The history of annual parallax appears to me to be this: in proportion as 
instruments have been imperfect in their construction, they have misled observers 
into the belief of the existence of sensible parallax. This has happened in Italy 
to astronomers of the very first reputation. The Dublin instrument is superior to 
any of a similar construction on the continent; and accordingly it shows a much 
less parallax than the Italian astronomers imagined they had detected. Conceiv 
ing that I have established, beyond a doubt, that the Greenwich instrument 
approaches still nearer to perfection, I can come to no other conclusion than that 


this is the reason why it discovers no parallax at all. 


Besides these and other efforts to find parallax in the zenith 
distances of stars, attempts were also made to detect changes in 
tiie time at which the stars cross the meridian, to see if they are 
Si i\\ before their time at one period of the year and slightly 
after st .t another. But these, too, were unsuccessful, even in 
the wands of astronomers like Bessel and Struve. The best were 
some observations of circumpolar stars made by Struve in Dorpat 
between IS!4 and 1821, The following table shows some of the 
results at which he arrived : 


Polaris and Urs. Maj... ... + 0'053 7 + 0°075 0034 
Urs. Maj. anda@ Cass. .... O'90627 0°136 
Urs. Maj. and Cass. .... + 1°099 2’ O°175 + 07127 
Urs. Min. and @ Persei. .. + 0-402 7’ 0°305 + 
Capella and Draconis..... w+ 0°134 > O'139 


This table has the merit or not looking wildly impossible in 
the present state of our knowledge. It has the disadvantage of 
not giving a definite parallax to each star. For example, it is 
impossible to say how much of the 0-134 is to be given to 
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Capella and how much to @ Draconis. Further, the probable 
errors, though really small, are nearly as large as the quantities 
determined. 

Struve and Bessel, therefore, attempted the problem by the 
differential method recommended by Herschel. By this time it 
had become easier to carry out. The method of mounting tele- 
scopes equatorially had been devised, so that the telescope was 
always kept pointing to the same part of the sky by clockwork- 
driven mechanism. Struve chose the bright star a Lyra, and 
measured its distance from a faint star about 40” away on ninety- 
six nights between November, 1835, and August, 1838, In the 
focal plane of his telescope he had what is called a position 
micrometer. The micrometer contains two parallel spider- 
threads stretched on frames, and the frames are movable by 
screws : the distance apart of the threads is known by the read- 
ings of the screw-heads. He found that a Lyrz had a parallax 
with a probable error + 0-025. 

Bessel chose the star 61 Cygni as a likely star to be near the 
sun, and, therefore, to have appreciable parallax. 61 Cvygni is 
not nearly so bright as a Lyra, but has a very great angular 
movement or proper motion among the stars. Bessel used an 
instrument called a heliometer. Like Struve’s telescope, it was 
mounted so that it could be driven by clockwork to point always 
at the same star. The object-glass of Bessel’s telescope was 
made by the great optician Fraunhofer, with the intention of 
cutting it in halves. Fraunhofer died before the time came to 
carry out this delicate operation, but it was successfully accom- 
plished after his death. 

Delicate mechanism was provided for turning the glass, and 
also for moving the two halves, the amount of movement being 
very accurately measured by screws’ Each half gives a perfect 
image of any object which is examined, but the two images are 
shifted by an amount equal to the distance one-half of the lens 
is moved along the other, Thus, when a bright star and faint 
star are looked at, one half of the object- glass can be made to 
give images S and s, and the other half S’ and s’. By moving 


3 
+ 
= 
| 
| 
| 
ine 
= 


416 F. W. Dyson 


the screw exactly the right amount, s’ can be made to coincide 
with S, and the reading of the screw gives a measure of the 
angular distance between the two stars. Bessel made observa- 
tions ou ninety-eight nights extending from August, 1837, to 
September, 1838. The table, taken from a report by Main,* 
shows how closely the mean of the observations for each month 


accords with the supposition that the star has the parallax 
0” :— 


1837 
\ Observed Etiect of Parallax 
Mean Date 
Displacement 369 
hehe es 07322 - 0°317 
1838 
August 19 + OTIS! + 0°227 
+ o0°040 + 0°073 


Simultaneously with these determinations of the distance of 
a Lyre and 61 Cygni, the distance of a Centauri, one of the 
brightest of the southern stars, was found by Henderson from 
observations of zenith distance made by him at the Cape between 
April, 1832, and May, 1855. He learned just before the termin- 
ation of his residence at the Cape that this star had a very large 
proper-motion. Suspecting a possible parallax, he examined the 
observations when he had taken up his new office of Astronomer 
Royal for Scotland, and found a parallax amounting to 0°92. 
He did not, however, publish his results until he found that 


* Mem. R. A. S., Vol. XIL., p. 29. 
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they were confirmed by the right ascensions. In a communica- 
tion to the Royal Astronomical Society in December, 1838, he 
states that it is probable that the star has a parallax of 1°’'0. 

The great and difficult problem which had occupied astrono- 
mers for many generations was thus solved for three separate 
stars in 1838 (see table). 

Henderson's observation is interesting because a Centauri is, 
as far as we yet know, the nearest of all the starstous. But by 
far the most valuable of these observations is Bessel’s. The 
heliometer, which he devised, proved itself to be by far the most 
serviceable instrument for determining stellar parallax until the 
application of photography for this purpose. 


Modern Observations 


Parallax Distance 
Parallax Distance 
a Centauri (Henderson). .... ro 200,000 0°750 270,000 
Gt Cront 0°314 640,000 07285 700,000 


(The unit of distance ts that from the earth to the sun), 


The somewhat dramatic manner in which the distances of 
three stars were determined in the same vear, after several cen- 
turies of failures, may have led to the hope that the range of 
many more stars would soon be found. This was not the case, 
however. Each star had to be measured separately, and involved 
many nights of observations. The quantities to be measured 
were so small that they taxed the resources of the best instru- 
ments and best observers. In 1845, Peters published the 
parallaxes of half a dozen stars determined with the vertical 
circle at Pulkova, but the parallax of only one of these, Polaris, 
is obtained with much accuracy. With Bessel’s heliometer, 
Schliiter and Wichmann measured the distance of Gr. 1830, the 
star which had the largest known proper-motion. In the 
‘sixties, Auwers with the same instrument determined the 
parallax of several quick-moving stars, and also of the bright 
star Procyon. With the Bonn heliometer, Krueger in the 
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‘sixties measured the distance of three stars, and Winnecke two 
more, Other observations were made, amongst others, by 
Maclear, Otto Struve, Brinnow and Ball; but as these observers 
had not such suitable instruments, their results were not of the 
same high standard of value. A generous estimate would place 
the number of stars the distance of which had been satisfactorily 
determined before 1880 at not more than twenty. 

In the ‘eighties, progress became more rapid. Gill, the 
Astronomer Royal for the Cape, in conjunction with a young 
American astronomer, Elkin, determined with great accuracy, 
though with only a small 4-inch heliometer, the distance of nine 
stars of the southern hemisphere. These stars included a Cen- 
tauri, and the bright stars Sirius and Canopus. These results 
were communicated to the Royal Astronomical Society in 1584. 
The work of Gill and Elkin did not stop there. After some 
vears, a very fine 7-inch heliometer was obtained at the Cape, 
and with it, between 1888 and 1898, the parallaxes of seventeen 
stars were determined by Gill and his assistants with very great 
accuracy. The stars observed at the Cape consisted of the 
brightest stars of the southern hemisphere, and of the stars with 
the greatest proper-motions. The results were remarkable. 
The stars with large proper-motions were nearly always com- 
paratively near — say within one million times the sun’s distance. 
On the other hand, some of the very brightest stars, particularly 
Canopus, the brightest star in the sky after Sirius, were at vastly 
greater distances. 

Meanwhile Elkin, who had been appointed director of the 
Yale Observatory in 1884, carried out with a 6-inch heliometer, 
between the years 1885 and 1892, a determination of the distances 
of the ten brightest stars of the northern hemisphere. After 
these were finished the Yale observers, Elkin, Chase and Smith, 
embarked on the ambitious program of the determination of the 
distances of 163 stars of the northern hemisphere which show 
large proper-motion. They have added forty-one southern stars 
to these, and thirty-five stars of special interest. The results of 
all these observations were published in 1912. They have not, 
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in most cases, the high accuracy of the Cape observations, but, 
nevertheless, are of great accuracy, and appear to be free from 
any considerable systematic error. A third important series of 
observations was made by Peter with a 6-inch heliometer at 
Leipzig. These were commenced about 1890, and continued 
until the death of Professor Peter in 1911. The parallaxes of 
twenty stars were determined with the same high accuracy as the 
Cape observations. 

Observations with the heliometer require both skill and 
industry. To secure the needful accuracy measures must be 
made in four different positions of the instrument, so that possible 
small systematic errors may be eliminated by reversal. Great 
care is required in the adjustments of the instrument, particu- 
larly in the accurate determination of the scale-value at different 
temperatures. The possibility of obtaining satisfactory results 
with less labor was considered by Kapteyn, in view of the 
successful determination of the parallax of Gr. 54 by Auwers. 
From 1885 to 1887 he made observations with the transit-circle 
at Leyden of fifteen stars for the purposes of determining 
parallax. The observation consisted in observing the time when 
the star, the parallax of which was sought, and two or three neigh- 
boring stars crossed the meridian. Observations are made at the 
two most favorable epochs—say every night in March, and 
every night in September — to determine whether the star has 
changed its position relatively to its neighbors in the interval. 
The difficulties are twofold. The purely accidental error of 
observations of transits is considerable as compared with the 
small quantity which is sought. Besides this, the star of which 
the parallax is required, is probably brighter than the compari- 
son stars, and special precautions are required to guard against 
personal errors of the observer. 

In questions of this kind the only satisfactory way is to 
judge by the results. From observations made on fifty nights, 
values of the parallax are obtained not nearly so accurate as the 
best heliometer observations, but still of considerable accuracy. 


Finally, the parallaxes of four of the stars which had been pre- 
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viously determined by measures with a heliometer showed satis- 
factory agreement, 

This method has been employed by Jost at Heidelberg, very 
extensively by Flint, at the Washburn Observatory of the 
University of Wisconsin, and is now being tried at the Cape by 
Vouté, a pupil of Kapteyn’s. It appears to me that this method 
can never give results of the highest accuracy, but that it may 
be of use in a preliminary search for stars of large parallax. 
The argument of the facility of the method compared with the 
heliometer has, however, lost much of its force; for, as 1 hope 
to show next, the highest accuracy attainable with the helio- 
meter can be secured much more easily with .a photographic 
telescope. 

The application of photography to the determination of 
stellar parallax was first made by Pritchard in Oxford between 
1887 and 1889. He took a large number of photographs and 
measured on them the angular distance of the star which he was 
considering from four of its neighbors. In this way he deter- 
mined the parallax of five stars. He began this work late in 
life, and it was left for others to develop the photographic method 
and find what accuracy could be attained with it. At first sight 
it seems very easy, but experience shows that there are a num- 
ber of small errors which can creep in and vitiate the results, 
unless care is taken to avoid them. 

It has gradually become clear that, with a few simple pre- 
cautions and contrivances, a greater accuracy can be reached in 
the determination of parallax by photography and with much 
less trouble than by any other method. Between 1895 and 1905, 
several astronomers succeeded in obtaining from a few plates 
results as accurate as could be obtained from many nights’ 
observations with the heliometer by the most skilled observers. 


In the last five vears a large number of determinations have been 
made. In 1910 Schlesinger published the parallaxes of twenty- 
five stars from photographs taken with the 40-inch refractor of 
the Yerkes Observatory, and in 1911 Russell published the 


parallaxes of forty stars from photographs taken by Hinks and 
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himself at Cambridge. The opinion expressed by Gill on these 
observations* was that but for the wonderful precision of the 
Yerkes observations, the Cambridge results would have been 
regarded as of the highest class. The facility with which 
the Yerkes results are obtainable is expressed very tersely by 
Schlesinger :— 


The number of stellar parallaxes that can be determined per annum will in 


the long run be about equal to the number of clear nights available for the work. 


With the heliometer at least ten times as much time would 
have been required. During the last year two further instal- 
ments of the results of the Yerkes Observatory have been pub- 
lished by Slocum and Mitchell, giving the parallaxes of more 
than fifty stars. It might be thought that the high accuracy 
attained by them is largely attributable to the great length of 
the telescope. From experience at Greenwich, I do not think 
this is the case, and believe that similar results are obtainable 
with telescopes of shorter focal length. As several observatories 
are now occupied with this work, we may expect that the num- 
ber of stars, the distances of which are fairly well known, will 
soon amount to thousands, as compared with three in 1838, 
about twenty in 1880, about sixty in 1900, and now perhaps two 
hundred. 

The stars, the distances of which have been measured, have 
generally been specially selected on account of their brightness 
or large proper-motion. Each star has been examined individu- 
ally. Kapteyn has suggested that instead of examining stars 
singly in this way, photography gives an opportunity of examin- 
ing all the stars in a small area of the sky simultaneously, and 
picking out the near ones. The method has been tried by Kap- 
teyn and others — among them Dr. Rambaut. The idea is very 
attractive, because it examines the average star and not the 
bright star or star of larger proper-motion. It is liable, however, 
to some errors of systematic character, especially as regards stars 
of different magnitudes. Comparison of the results so obtained 
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with those found otherwise will demonstrate whether these 
errors can be kept sufficiently small by great care in taking the 
photographs. Until this is done no opinion can be expressed on 
the success of this experiment, which is worth careful trial. 

The question may be asked, How near must a star be to us 
for its distance to be measureable? I think we may say ten 
million times the sun’s distance. This corresponds to the small 
angle 0-02 for the parallax. If a star's parallax amounts to 
this, there are, I believe, several observatories where it could be 
detected with reasonable security, though we shall know more 
certainly by the comparison of the results of different observa- 
tions when they accumulate. 

You will readily imagine that an accurate knowledge of the 
distances of many stars will be of great service to astronomy. 
There are ample data to determine the positions, velocities, 
luminosities and masses of many stars if only the distances can 
be found. Thus we know the distance of Sirius, and we are 
able to say that it is travelling in a certain direction with a 
velocity of so many miles per second ; that it ‘gives out forty- 
eight times as much light as the sun, but is only two and a half 
times as massive. The collection and classification of particulars 
of this kind is certain to give many interesting and, perhaps, 
surprising results. But it is not my purpose to deal with this 
to-night. The task I set before myself in this lecture was to 
give an idea of the difficulties which astronomers have gradually 
surmounted, and the extent to which they have succeeded in 
measuring the distances of the stars. 
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THE SPECTROSCOPIC ORBIT OF 12 LACERTZE 
By REYNOLD K. YOUNG 


HE binary character of 12 Lacertze (a = 225 37™°5, 38 = + 39° 

45’, Mag. 5°4, type #2) was announced by Adamis in the 
Astrophysical Journal in 1912. ‘The spectrum shows helium and 
hydrogen lines, fairly sharply defined, thougii definition 
seems to change considerably from plate to plate. Sometimes 
the change in the appearance of the lines seciis larger than can 
be attributed to length of exposure time, temperature conditions 
or focus. The few cases where the lines appear complex are not 
all in accord with the hypothesis of a second spectrum but the 
evidence points strongly in this direction. 

Ninety-three spectrograms have been used in determining 
the orbit. ‘This large number was necessitated chiefly on account 
of the short period. When the writer undertook the measure- 
ment of the plates in 1914, about fifty spectrograms were already 
made, and as this is about the number which usually suffices to 
determine the elements of a binary, the star was temporarily 
removed from the observing program. By the time all the plates 
had been measured, the season was too far advanced to permit 
further observation and although the 1918 and 1914 series indi- 
cated a short period all efforts to obtain the exact value failed. 
It was not until the fall of 1915 that a run of plates taken on one 
night showed the true period. 

From the first to the last observation, the star has travelled 
over seven thousand five hundred cycles, so that, if no mistake 
has been made in the number of revolutions, the period should 
be accurate to within a second of time. Additional observations 
will be secured to check this and also for another purpose, which 
will be mentioned presently. The velocities given by Mount 
Wilson would be better suited by a slight shortening of the 
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period, about one unit in the sixth decimal place. The better 
agreement would be secured, however, at the expense of the 
observations taken here during 1913 and 1914. 

The radial velocity curve drawn through the normal places 
as formed indicates a small eccentricity with » in the neighbor- 
hood of 270°. The particular manner in which the plates were 
grouped into normal places introduces this probably fictitious 
result, Thus the second normal place contains two observations 
that are high positive without any abnormally low ones to coun- 
terbalance, and the fifth contains two very low velocities. The 
plates might easily be re-grouped to remove all traces of eccen- 
tricity. For this reason and also on account of the short period, 
which is the second shortest yet found, e was made equal to zero 

When the eccentricity is zero the element /eriastron dis- 
appears. Some arbitrary point is usually selected to take its 
place. There is a point, which, to the writer seems a little more 
fitting than any other, and that is the intersection of the curve 
with the y line, where the velocity is changing from negative to 
positive. This point represents the closest approach of the prim- 
ary to our system and may conveniently be designated perihelion. 

The formulz for this case become :— 


mean motion Pp? 

v p(t— T), 

V obs. y + Ksinz, 

V. - V, dy +sinvd K — A cosvud T. 


The elements given below represent the result of a least 
square solution. 


P = period, *195089 days, 4h 38m gs 

eé = eccentricity, assumed = 0), 

7 = perihelion, Julian Day 2,420,761°1498 + days, 
y Velocity of system, — 14°23 km. + 0°42, 

A’ = semi-amplitude, 17°56 km. + 0°58, 

asin? = projected semi-major axis, 46°600 kin., 


m, sin (O011 x sun. 


+ m,)? 
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The probable error of a single observation computed from 
these elements is 5°8 km., which seems to be very large consider- 
ing the character of the spéctrum. Part of this large value arises 
from the fact that the exposure times are such a large fraction 
of the period. Thus many of the plates taken in 1915 were 
exposed for a third of the period and some over half. With the 
present arrangement, the exposure time is about sixty minutes, 
a little less than one-fourth the period. The 1915 observations 
in general fit the curve the best. The elements could be very 
much improved by a series of plates taken by an instrument 
which would permit of a shorter exposure. 

There is an indication of a rather peculiar feature in the 
radial velocities. On some nights the range seems to be smaller 
than on others. Figure 1 is a plot of observations to bring this 


O 
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FIGURE 1. 


point out more clearly. Plates taken during the course of one 
night are designated alike and there is no exception to the rule 
that when a low velocity was obtained for a positive maximum, 
the same cycle gave a high value for the minimum. Whena 
high maximum was obtained the minimum was very low. This 
might be the result of blending with a secondary spectrum 
whose intensity is not constant. Additional plates are being 
taken to test this point. 
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In the plot of the curves the phases are counted from Julian 
Day 2,420,761°0. Observations taken at Mount Wilson are 
represented by a circle and cross, observations in 1913 by two 
concentric circles, observations in 1914 by one filled circle, and 
observations in 1915 by an open circle. 

The individual observations and measures will appear in the 
Dominion Observatory Publications. 

DOMINION OBSERVATORY, 

OTTAWA, CANADA. 
September 29, 1915. 
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THE EARTHQUAKE OF FEBRUARY 18, 1911 


A DISCUSSION OF THIS EARTHOUAKE BY PRINCE GALITZIN, 
WITH COMMENTS THEREON 


By KLorz 


There appeared recently a short paper by Prince Galitzin in Comp/es Rendus, 
Tome 160, p. 810, on the above quake, which is of great scientific interest and 
deserves a place in our JOURNAL, which is my reason for offering the following 


translation together with some notes. 


I. GALITZIN’S PAPER 


()N the 18th February, 1911, a very violent earthquake took 

place in the Pamirs and which was generally registered at 
seismological stations. The seismograms obtained offer nothing 
in particular, and as more than four years have elapsed since 
then, this quake would certainly have been forgotten, if it had 
not been known later that on the same day and at the same hour 
an immense mountain slide occurred at Sarez in the Pamirs, 
which fell into the valley of the Mourgab River and transformed 
it into a lake. 

Two years later Lieut. Spilko, of the Russian army, visited 
Sarez and their studied in detail this remarkable slide of which 
he gives a detailed map. He shows that on the 18th February, 
at 115 15™in the evening, Sarez was visited by a very severe 
earthquake, of intensity VIII., whereby 180 persons lost their 
lives in the district of Oroshor. 

Spilko gives as co-ordinates for the slide : 

@ = 38216 N. A = 72° 34’ E. Greenwich. 
This point is 3800 km. from the seismological station at Pulkovo. 


The Pulkovo seismogram gives for the beginning of the first 
phase of this quake the time 


P = 18> 47™ 45s G.M.T. 
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In applying the time required for the P waves to reach Pulkovo, 
7™ 02s , we find the time of the quake to be ¢ = 25> 17™ 555 mean 
time Tashkent Observatory, which agrees with the time given 
by Spilko. 

Let us now compare the distances 4 from the place of the 
slide to the different seismological stations, with the epicentral 
distances A’, deduced from the difference of times of arrival of 
the Pand S waves. 


Stations A A’ A-A’ 

km. km. km. 
Tashkent 440 480 40 
Baku 1960 Igto + 50 
Tiflis 2390 2430 40 
Pulkovo 3800 3690 + 110 


The inter-agreement of A and A’ may be considered very 
satisfactory. There can be no doubt then that the place of the 
slide and the epicentre fall together. From the map or plan of 
Spilko, Mr. Weber, of the Russian Geological Survey, has deter- 
mined the approximate value of the mountain mass which fell, 
as well as of the lowering // of its centre of gravity. Accurate 
measures are, of course, not possible, yet one can fix approxi- 
mately the order of magnitude of these quantities. 

Weber finds for 1/7 the enormous value of 7 to 10 billions of 
tonnes (milliard de tonnes). 

The limits of 7 are put at 300 to 600 metres. 

These data enable us to determine two limits for the total 
energy /: released by the slide in question. 

Putting g for acceleration, we have 


Mel. (1) 


Introducing in this expression the preceding values, and 
expressing the result in absolute C. G.S. units, we find the 
two following values 

= x ergs, 
E = 60 10° ergs. 
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This is certainly an enormous quantity. 

One can now put the following question: Was the slide at 
Sarez the result or cause of the earthquake recorded at so many 
distant stations ? 

To answer this question let us try to evaluate the energy 
released at the epicentre from the data obtained at the Pulkovo 
seismological station, which at the time was provided with aperi- 
odic seismographs very sensitive to galvanometric registration. 
The energy /, freed at the epicentre, propagates itself towards 
the interior and along the surface of the earth. The analysis of 
the seismograms of distant stations shows that the energy mani- 
fested itself almost exclusively in the surface or long waves. 
Taking into account the damping or absorption of the seismic 
movement, we obtain for the total energy /, traversing unit 
surface at an epicentral distance A during the whole time of 
appreciable movement of the earth, the following expression ; 

E, KA (2) 
where « isthe co-efficient of absorption. 

Calling “€ the quantity of energy traversing unit surface at 
the observation station during unit time, l’ the velocity of the 
long waves, p the density of the superficial crust of the earth, 
the mean of the squares of the velocity of a particle of 


and 


earth during a complete oscillation, we have 
% (3) 
Leta now be the amplitude of an earth particle and 7 the 


period of the corresponding seismic wave, we can then put 


(4) 


im 
aand 7 being in general variables ; but, for a certain’ duration 
of time /, we may take the mean values as constant. 

Hence from equations (3) and (4) we may write 


E, rips (5) 4 (5) 
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The summation of = should be extended to the whole of the 
principal phase. 

If we designate the three components of the true movement 
of the earth particle by ry +v,, v,, then 


x. 


+ 2. 

A detailed analysis of the seismogram could certainly give 
us the value of a, but for our purpose we may proceed in a more 
simple manner. 

As the plane of oscillation of an earth particle changes con- 
stantly in direction we may put forthe mean +, = 1%. Further- 
more, the theory of surface waves given by Lord Rayleigh and 
H. Lamb, shows that the vertical component of the movement 
of anearth particle should be in constant ratio to the corres- 
ponding horizontal component. This ratio is according to 
theory 1°47, but the observations at Pulkovo show that it is some- 
what less, being 1°2. 

Hence the following relation is readily deduced : 

a’ = 4°88 


Combining equations (2) and (5), we have the total energy 


released at the epicentre 
k= 976 lp =(*] (6) 
The reading of the seismogram at Pulkovo of this quake 


has given the following mean values of vy, and 7 for the differ- 
ent intervals of time /: 


t 
min. 
225 15 14 
60 12 16 
25 13 39 
10 15 25 


Hence, 


00221 C.G.S. 


om 
us 
F 
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Furthermore, 
= 28, = and = 8800 ku. 
sec. 


Respecting the value of «, one may put it equal to O004, if 
A is expressed in kilometres, for this quake, based on the obser- 
vations at Pulkovo. 

Introducing these values in (6), and expressing the result 
in absolute units, we have 

E = 43 x 10°C. G. S. 

Comparing this value deduced from the Pulkovo observa- 
tions with the two limiting values of / found above, viz. (2'1 to 
60) x 10°C. G.S., we see that they are not only of the same 
order of magnitude, but approach each other numerically. 

This unexpected result leads us then to the following con- 
clusion : Whatever may have been the cause of the slide at Sarez, 
we may claim with a great probability of truth, that the slide 
was not the consequence. but the cause of the earthquake of 
February 18, which was registered at many distant earthquake 
stations. This quake presents to us an exceedingly interesting 
case, and unique as far as my knowledge is concerned, where we 
have directly the value of the energy released at the epicentre, 
which besides co-incides here with the hypocentre itself. 


II. NorKs ON THE ABOVE 

Now a word about Galitzin’s formule before discussing the 
Ottawa seismogram of February 18, 1911. 

It will probably serve a good purpose if we express the six 
equations in dimensions of mass, length and time, thereby show- 
ing too the inter-relationship of them. In the reduction we 
shall express each term first by its own dimension, 

(1) E=MgH=MLT?L = ML’ 7, a fundamental 
expression in dimensions for kinetic energy. 

(2) &, = ,¢ 

27 


ML°?T-? L-? = MT-?, energy 


per unit area. 
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or M 


/ 
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The energy for unit area for unit time equals the whole 
energy for unit area divided by the time. 


(5) Vp = (4) t= LTO ML“ 2127-2? T= MT-, 


as in (2). 


T-?T = T-*, asin (1). 


The denominator in (2) is the area of the hemisphere of 
radius A. In equation (3) vi, must be distinguished from 


= ’ 


the latter v pertains to the uniform velocity, while v;, represents 
the mean of the squares of the velocity in the harmonic motion. 
It is the mean value of sin *¢ for all values of ¢, the angle of 


phase, from @ = Oto@ = 27. This mean value is equal to 


1 


Ze. 


sin “dd ¢. 
The indefinite integral 
sin*¢@d@¢ = 46 sin2¢ + C, 
therefore, 


= \%; 


?. e., the mean value of sin *@ for a complete oscillation is 1%. 
The ¢ in equations (2) and (6) is the base of Napierian loga- 
rithms. 


Equation (5) is obvious. 


The numerical co efficient 9°76 in equation (6) is obtained 
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thus: as explained, ry is taken equal to +,, and theoretically 
Ss 1°47 +, (Poisson's ratio being taken at '4), where +, is 
the horizontal component and equal “2% + x;, hence 
+ (14772 xy)? 

Galitzin uses 1°2 instead of 1°47, therefore his a? 4°88 ax, 
and the co-efficient 9°76 follows. 


In the summation of 
7 


all the terms must be expressed in centimetres and seconds 
respectively. 

The energy evaluated pertains only to the long waves, which 
as Galitzin states, show almost exclusively the energy. What- 
ever the energy shown by the longitudinal and transverse waves 
is, it is small compared with the former. From our Ottawa 
seismogram it is about the one-thirtieth of that of the long waves, 
so that the deduced energy should be increased by that amount. 

The density 2°S answers for the immediate surface, while for 
Wiechert’s crust or shell the density is 3°2. Asa matter of fact, 
we do not know to what depth the long waves are involved. 

Now let us look at our record (bulletin issued) for that day, 
and we find a distant quake recorded giving 


P = 195 04™ 44s, = 195 237, AZ = 195 
the mean of the V and S components. 


From Galitizin’s data we find the time of the quake = O 
18 40™ 43° G.M.T. 


Mohorovicic table gives for ? for Ottawa, distance 10,200 km. 


= 15™ 12s, 
Hence / should arrive at Ottawa at 18h 53™ 55s. 
Zeissig’s table for 10,200 km., S - P = 11™ O7s. 
Hence S should arrive at Ottawa at 19% 05™ 02s. 


We see, therefore, what we read on the seismogram as P 
was, undoubtedly, S, although there is a difference of 18°. 
Again, when we take O = 18" 40™ 435 and the distance, scaled 


on a 30-inch globe, from Ottawa to Spilko’s epicentre, as 10,200 
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km., and divide the latter by 240 the rate of propagation of the 
/ waves per minute, we obtain 42™'5 as the elapsed time. Hence 
the / waves should arrive at Ottawa at 192 23™°2, which is 
practically identical with the observed value. It may be 
remarked that the waves travel with constant velocity only in 
an isotropic medium along the surface. However, this condition 
does not obtain, and hence we find for different quakes with rays 
traversing different regions, some variation in the velocity, lying 
between the limits of 200 to 240 km. per minute. On our veloc- 
ity curves for P, S, and Z, used for graphical application of 
recorded quakes, we have two straight lines for / with respec- 
tive velocities of 200 and 240 km. 

The above record is then of the Pamirs quake. Knowing 
now the distance to the epicentre, 10,200 km., it is easy to reason 
post factum that it is somewhat improbable that we should easily 
be able to read an 7 /, since the angle of emergence for that dis- 
tance is approximately 69°, and hence the horizontal component 
very small. However, again examining the seismogram for 
that day we find a very smali, but sharp, 7 at 18" 54™ 14s. This 
is 19s later than our deduced P. Microseisms somewhat inter- 
fere in detecting an emersio for P. 

We shall now evaluate the energy at the epicentre on the 
lines of Galitzin’s investigation, utilizing our data from the seis- 
mogram of February 18, 1911. In the report of the Chief 
Astronomer for 1911 on p, 25 will be found our value for absorp- 
tion determined from the Turkestan quake on January 3-4 of 
the same year, and not so very far from the February quake, 
«x being = ‘00032. The distance as above is 10,200 km., and 
for the density of the crust we retain the value 2°8, which is 
approximately the mean of the various rock constituents (Smith- 
sonian tables). 


We have from the seismogram : 


= 
= 
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Amplitude Period Interval 

T 

min. 
20 39 7 
40 20 

39 16 3 
20 i2 i6 

10 16 2 


From which we find 


We were not provided with a vertical component seismograph 
in 1911, but the recent quake of September 7, 1915, has enabled 
us to obtain a ratio between the vertical and horizontal compon- 
ents for the long waves. This we find to be 1°40, instead of the 
theoretical 1°47, or Galitzin’s observed value of 1°2. Hence the 
numerical co-efficient 9°76 in equation (6) becomes 11°84. 

Substituting the above values for Ottawa in equation (6). 
we find 


70 x 10° ergs C.G.S. 


Galitzin's similarly deduced value for the same quantity is 
43 x 10°C.G.S. 

Although the agreement is fairly satisfactory, yet it must 
be admitted that the reading of the seismogram*upon which the 
result depends is not so simple a matter. In a good tectonic 
quake, distant say 6000 or 7000 km. or less, there would be no 
question in reading P and S, but when it comes to reading /, 
the various periods, their duration, their amplitudes, the differ- 
ent magnifications to apply, we are plunged if not into uncer- 
tainties, into complexities and perplexities, which are not likely 
to receive identical interpretation from experts. It is not desired 
to convey the idea that the results would be unreliable, but that 
the results would be discordant while probably of the same order 
of magnitude. Inthe above evaluation it may be pointed out 


that the absorption factor plays an important part, yet its value 


{ 

| 
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is known only within fairly large limits, as was pointed out in 
my report for 1911 referred to above, and it is not necessarily a 
constant. 

The value of Galitzin’s investigation lies in the fact that he 
gives us some definite information, from Weber's figures, of the 
actual earth mass movement as 2°1to6°0 x 10° ergs. It remains 
then for all seismologists, who have a good record of the quake, 
and who know the constants of their instruments, to see whether 
the seismogramis tell a similar story of the energy released in the 
Pamirs on February 18, 1911. 

It is hoped that the reproduction of Galitzin’s article will 
stimulate the dynamic investigation of well recorded earthquakes. 

In closing we may refer to the largest observed rock slide or 
rock fall in Canada, at Frank on April 29, 1903, when 70 lives 
were lost, and of which an official report was published. From 
it we find that the mass displaced was 40,702,000 cubic yards as 
determined from the old and new contours of the mountain. 
From the measurement of the debris the estimated mass was 
36,000,000 cubic yards. In this latter report reference is made 
to two notable slides in Switzerland: The Elm slide of 12,000,000 
cubic yards, when 84 houses and 115 lives were lost, and the 
Rossberg slide of 51,000,000 cubic vards, when 4 villages were 
destroyed and 457 lives lost. The Pamirs mountain fall (Berg- 
sturz) was 3,270,000,000 cubic vards ! 


DOMINION OBSERVATORY, 
OTTAWA, CANADA, 
September 25, 1915. 
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NOTE FROM THE DOMINION OBSERVATORY 


Amongst the earthquakes recorded during September, the 
one of September 7 was particularly severe, and gave an exceed- 
ingly good record —a work of art—on both horizontal pendu- 
lums as well as on the vertical seismograph. The following are 


the times of the various phases in Greenwich Mean Time: 


m s 


F 1 27 27 
S 1 33 00 
el 1 3671 
M 1 40 
i Merged in another. 


The distance from Ottawa to the epicentre is 3750 km. and 
its position is, latitude 14° 14° N., longitude 90° 30’, being a 
short distance off the coast of Central America and in the Pacific. 

Computing the energy released by this quake on similar lines 
as was done for the quake in the Pamirs, February 18, 1911, we 
find it to be 10 x 10% ergs. We may express this in another 
way to bring it home a little better. The energy is that of a 
mountain mass (sp. gr. 2°8) of a mile cube dropping 3000 feet. 
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New F:vidence on the Intensity of Solar Radiation Outside the 
Atmosphere. By C. G. F. E. and L. B. 
ALDRICH. Smithsonian Miscellaneous Collections, Vol. 
LXV., No. 4, 55 pp., Washington, June 19, 1915. 


For almost a century serious attempts have been made to 
determine the amount of the sun’s radiation, and amongst the 
most successful workers on the problem have been the members 
of the staff of the Astrophysical Observatory of the Smithsonian 
Institution, Washington, D.C. Langley, the late: Secretary of 
the Institution, began this work while he was director of the 
Allegheny Observatory, and after removing to Washington he 
was instrumental in establishing the Astrophysical Observatory, 
where he prosecuted his researches on the sun with great success. 
Upon his decease, his chief assistant, C. G. Abbot, was appointed 
director and by him numerous investigations have been carried 
on and many important results have been obtained. 

Abbot's chief work has been the measurement of the so- 
called ‘‘ solar constant.’’ Suppose a surface to be exposed per- 
pendicularly to the sun’s rays. Then the amount of heat which 
would fall upon unit surface in unit time, if the atmosphere were 
absent, is called the solar constant of radiation. Let us take a 
square centimetre as the unit of surface, a minute as the unit of 
time and understand by a calorie the amount of heat required to 
heat a gram of water through a centigrade degree. Then the 
values of the solar constant, as determined by various experi- 
menters, may be given as follows :— 


‘ 
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VALUES OF THE SOLAR CONSTANT 


1837 Pouillet Pernter 
1860 Hagen 1°9 1896 Vallot 1°7 
1872 Forbes 2°38 1897 Crova and Hansky 3°4 
1875 Violle 2°6 Rizzo 2°5 
1878 Crova 1902 Scheiner 2°3 
1884 Langley 1908 Abbot and Fowle 
1889 Sawelief 2°9 1912) Abbot and Fowle 1°93 


The instrument used in making these measurements is 
known as a pyrheliometer, and it has had numerous forms. It 
will be seen that the above values differ widely amongst them- 
selves. Thus, Vallot in 1896 gave 1°7 while Crova and Hansky 
the next year gave 3°4, just twice as great. The discrepancies 
are due to the difficulties in theexperiments. Simply to measure 
the amount of heat received from the sun is not easy, but to 
make proper allowance for the heat absorbed in passing through 
the atmosphere is extremely difficult. 

For many years Langley’s value of about 3 calories was 
accepted as the standard, but Abbot and Fowie in the course of 
their work detected an error into which Langley had fallen, and 
the much lower value obtained by them has been quite generally 
taken as close to the true result. Within the last two or three 
vears, however, Very, Kron and Bigelow have criticised this 
result, insisting that it is too low, and the present pamphlet 
endeavors to show that these criticisms are not well founded. 

The first portion gives an elaborate discussion of some 
earlier experiments in which large and small air-masses are 
involved and also of an extensive series of observations on Sep- 
tember 20 and 21, 1914, made at the Smithsonian station on Mt. 
Wilson, Cal., with the express object of testing the absorption 
with high and low sun, Good reason is given for believing that 
the authors made no material error in computing the allowance 
for absorption and that their result is valid. 

But the most interesting portion of the pamphlet is the 
detailed account of experiments made to eliminate, to a large 


degree, the action of the atmosphere by sending pyrheliometers 
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of a special design up to great heights by attaching them to 
rubber balloons. By means of clockwork the temperature and 
the barometric pressure were recorded on photographic paper. 
The separate balloons were 1°25 metres in diameter and were 
inflated with hydrogen. Three of these were fastened together 
and the pyrheliometer was suspended by a wire about 30 metres 
long. It was expected that after two of the balloons had burst by 
expansion at high altitude the third one would bring down the 
apparatus in safety. A reward was offered for its safe return. 

Of course, in such an experiment it was impossible to use as 
delicate apparatus or to control the conditions as in the work at 
the surface of the earth, but it was hoped that valuable informa- 
tion might be secured. 

In order to see what would be the result if the sun were 
absent, one balloon was sent up at about midnight on July 1, 
1914, the record on the paper being made by an electric flash 
light. The apparatus was found 36 hours afterwards with two 
balloons still inflated. The instrument was somewhat injured 
but the record was unharmed. The height attained was 3000 
metres. On July 9 a second ascension was made, beginning at 
10.08 a.m. The apparatus was not found until after 20 days, 
the instrument being greatly damaged and the record destroved 
by light and water. On July 11 at 10.380 a.m. a third ascension 
wasmade. Twoof the balloons burst after 1" 47™ and the appa- 
ratus was found at 5 p.m. of the same day, entirely uninjured 
The barometric pressure recorded fell to 3 centimetres of mer- 
cury, corresponding to a height of about 22000 metres. Thus 
when the instrument was at its greatest elevation the sun's rays 
had to traverse only 1/25th of the atmosphere and absorption 
was almost eliminated, On measuring and reducing the record 
obtained, the solar constant came out 1°84. This is lower than 
the values obtained in careful experiments on the earth’s surface, 
but it is not so free from errors and it is certainly evidence 
against a higher value, which is what the critics demanded. 

Finally, by arranging the maximum values obtained for the 


sun's radiation, without allowing for atmospheric absorption, at 


( x 
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Washington, barometer 76 cm.; at Mt. Wilson, barometer 
62 cm.; at Mt. Whitney, barometer 44 cm.; at Giessen, in a 


balloon, barometer 30 cm.; and in a free balloon, barometer 


5em.; it is found that the values regularly rise and it is easy 
to see approximately what would be the result if the atmosphere 
were entirely removed. 

The present writer thinks that the authors have given good 
reason for their former published result, namely, that the solar 


constant of radiation is 1.93 calories per square centimetre per 
minute. 


C. A. CHANT. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 


SEPTEMBER, 1915 


Temperature.— The mean temperature of the month was 
below average from Lake Superior to the Pacific by from 1° to 
4°, and it was above average from Lake Huron to the Maritime 
Provinces by approximately the same amount. The extremes 
were quite pronounced in all the Provinces, except British 
Columbia, there having been several days with temperatures 
between 80° and 90°, and one or more days with unusually low 
temperatures and early morning frosts. 


Rainfall.— The rainfall was considerably in excess of the 
average in Southern Alberta, Southeastern Saskatchewan, over 
the greater part of Manitoba, and in Western and Northwestern 
Ontario, and in all these districts rain fell on an unusually large 
number of days, with the maximum number in Southern Mani- 
toba. In Quebec, exclusive of the Ottawa Valley, and in North- 
ern New Brunswick the rainfall was also excessive, but this was 
due to the large fall accompanying the storm of the 26th, rather 
than to wet days which were not unusually numerous. In other 
parts of the Dominion, including all British Columbia, Northern 
Alberta and Western Saskatchewan, Eastern Ontario and nearly 
all parts of the Maritime Provinces, the rainfall was less than 
the average amount. 


TEMPERATURE FOR SEPTEMBER, 


STATION 


Highest 
Vukon 
Dawson 76 
British Columbia 
Atlin 63 
Agassiz SI 
Barkerville 69 
Kamloops 84 
New Westininster 78 
Prince Rupert 74 
Vancouver 3 
Victoria 73 
Western Provinces 
Battleford 79 
Calgary 82 
Edmonton 77 
Medicine $2 
Minnedosa 8S 
Moose Jaw g! 
Oakbank 90 
Portage la Prairie 93 
Prince Albert 74 
(du’Appelle St 
Regina 87 
Saskatoon 76 
Souris g2 
Switt Current 84 
Winnipeg g2 
Ontario 
Agincourt 8S 
Aurora $6 
Bancroft 84 
Barrie £8 
Beatrice 84 
Berlin 
Bloomheld 
Brantiord 
Chapleau $2 
Chatham ot 
Clinton 86 
Collingwood 
Cottam SS 
Georgetown SS 
(Goderich S6 
Gravenhurst 87 
Grimsby 
Guelph 86 
Haliburton SS 


The Weather in Canada 


September 


Lowest 


ty Ge Ge Ge 


STATION 


Huutsville 
Kenora 
Kinmount 
Kingston 
London 
Lucknow 
Markdale 
North Gower 
Oshawa 
Ottawa 
Paris 
Parry Sound 
Peterboro’ 
Port Arthur 
Port Burwell 
Port Dover 
Port Stanley 
(Queensborough 
Ronville 
Southampton 
Sundridge 
Stoneclifte 
Stony Creek 
Toronto 
Uxbridge 
Wallaceburg 
Welland 
White River 
Ouebec 
Brome 
Father Point 
Montreal 
(Quebec 
Sherbrooke 


Varilime Provinces 


Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 

St. John 

St. Stephen 
Sussex 


Sydney 
Varmouth 


1915 


September 


Highest 


86 
SI 
89 
$4 
86 
go 
34 


Lowest 


J 
3! 
26 

2 
3 
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27 
22 
24 
30 32 
40 29 
18 26 
38 30 
43 30 
40 32 
44 35 
45 33 
86 28 
87 30 
24 84 28 
| 20 79 32 
20 87 34 
| 22 51 35 
| 23 85 29 
} 21 85 28 
3 
32 37 33 
| 16 
26 89 30 
22 35 35 
22 $7 31 
S¢ 
26 3° 
23 87 33 
/ | 32 58 34 
83 20 
33 
3° go 26 
| 29 So 32 
29 SS 39 
83 32 
| 3! SS 32 
21 So 34 
34 88 32 
28 So 40 
83 30 
87 22 
82 
79 
| 87 
7s 
| | 
27 76 tt 
| 
J 
J 
| 


Magnetic Observations 


MAGNETIC OBSERVATIONS 
SEPTEMBER. 1915 


During the first three weeks of September the magnetic 
forces were for the most part normal. Small disturbances were 
recorded on the 3rd, 5th, 10th, llth, and from the 13th to the 
17th. © Beginning on the 22nd, however, fairly large perturba- 
tions were recorded in all three magnets which continued to the 
end of the month. In Declination the movements were slow, 
the general tendency at night was for greater westerly, and 
in the day time greater easterly movements. The Horizontal 
Force curves indicate very rapid changes of small magnitude 
and, on the whole, a considerable reduction of the Force. The 
Vertical Force curves exhibit slow changes but with a large 
diminution of Force particularly during the night hours. 


September, 1915 D. West H Vv I 
‘ 
Mean of Month 6 29°2' 016017 | 0758622 | 74 43°9 
Maximum 6 56°6 0°16076 0°58674 
Date of Maximum 28 23 30 
Minimum 5 56°6 0715882 0°58468 
Date of Minimum 23 28 23 
Monthly Range | 1 00°O O'00Ig4 0°00206 
Mean Daily From hourly readings ! 11°8 0°00044 | 0°00021 
Amplitude (From Means of Extremes, 0 21°3  0°00075 0°00046 


Hi and V are expressed in C. G. S. Units. 

I is the Mean of all Dip observations made during the month with the 
Earth Inductor, without regard to the time of day at which they were made. Two 
observations are usually made each week, one in the morning near the time of 


maximum Dip and the other in the afternoon near the time of minimum Dip. 
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Earthquake Records 


EARTHQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


P.T. = Preliminary Tremors, L.W. = Large Waves. A.C. 


TORONTO 


R. F. STUPART, DIRECTOR. 


= Air Currents 


Time is Greenwich Civil Mean Time, 0 or 24 h = midnight. 
No. Date P. T. L.W. Max. End | Max. | purat. Remarks 
1915 Comm. Comm. Amp. 4 
h m m m h m mmjh 
1S 
15s05Sept. 6 18 23°4 18 57°2|0°2 46°0 
27°8 3 |\Very large quake 
1500 os 7 I 34 6 39°90 39 Hi P: 
5 41S 1327 in Pacific off Cen 
4 {tral America. 
1so7| 4 6°38) 444°0 oc |Merged into previ 
4 10°2 \[ous quake. 
1508, 7 5 5 49°7 5 51°36 Disturb. \Merged into previ- 
34°2 |[ous quake 
1509 7 13 00°07 13 13 7°2 13 30°9|0°2 30°9 
7 20 59°4 2°6? (21 18°4 | 0°20 19°0} 
12 45° 
12 53°4 
20 
S21 9 5/9 57°32 | 
© 10 10 48°3 10 54°5 O10 84 
§ 22°57 25°4 32°0 0°3 0°3 0 37°8 
rere] ** | 9 14°3? 9 35°8 o'050 21°5 | 
515 3 9 16°8 35 5 | 
13 35°7? 
1516 26 23) A.C. 
2 13 390 
1517, ** 10 9°3?10 13°9 10 16°2. 10 20°8|0°2 © 
Period of boom = 18 seconds. Pillar duration I mm. = 0”*5g. 


The earthquake on the 7th was the largest we have recorded for a long num- 


ber of years. During the time of maximum oscillations of the boom, the Agin- 


court Magnetometers were set in vibration. 


| 
| 
| 
| 
| 
| 
| 
| 
J 
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Date P.T. 

Comm. 

h m 
6| 17 45 0 
S17 59°2 
I 29°2 
35°7 
4 
‘3 4 46°7 
7 § 28°7 
7| 13 03°35 

7 
21 12°97 
‘ 
S21 22°5 
10 460°! 
17 

23 g 20°2 
25 13 53°9 
23 


Boom Period 


Earthquake Records 


VICTORIA, B. C. 


F. N. DENISON, SUPERINTENDENT. 


L.W. Max. End Max. purat. 
Comm. Amp. 
h m h m h m mm. h m 


18 19 05°7 0°750 17°7 


I 35°7 I 49°2 408°7 39°5 
452°7 4547 

5 30°7 5 30°7 5 30°7: 0°40 
131673 13338 Ol 9 
21 21. 14°8 O'059 go 
21 2t 3 22 10°0 3°t 
10 46°42? 10 47°I 10 49°6 3°5 
5 5 § 50°77 6 54°5 
9 29°1I g 9 409°G? 0°2 26°7 
1357799 13584 0120 
g 9 535°! 9 57°06? O'1 0 Q'5 


18 seconds. Pillar Curation I mm. 
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Remarks 


10°310 km. 
4770 km. 


6449 km. 


May be N. Washing- 


State. 


| 
No. — 

1505 5 

1506 

1507 
co! 4 
15058 
1§09 
1510 
> 
igt2 

}. 
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COMET NEWS 


Under date September 7, Harvard College Observatory 
Bulletin, No. 586, stated that a telegram from Director Frost, 
of the Yerkes Observatory, announced the discovery by John E. 
Mellish on September 6 of acomet in R. A. 6" 37™, Decl. + 8° 
50°. It was described as small, with a bright nucleus and tail 
aud visible in a small telescope. Two days later, however, 
Bulletin, No. 587, stated that Director Frost had found that the 
supposed comet was Herschel’s Nebula 399, Drever 2261. 

But Mr. Mellish soon recovered himself, as the next Bulletin, 
No, 588, stated that Director Frest, uncer date September 
20, had telegraphed that Mr. Mellish had discovered a comet in 
R.A. 105 29™, Decl. + 26° 39’ (in Leo), visible in a small tele- 
scope. Professor Frost asked that the publication be withheld 
until confirmation of the discovery was obtained, and this was 
soon forthcoming in a telegram from the Lick Observatory, 
where the comet had been observed by Aitken in R.A. 105 57™, 
Decl. + 26° 13’. Ina subsequent letter Professor Frost stated 
that the comet was first seen by Mr. Mellish on the night of 
September 15. 

From observations made on September 18, 20 and 21, 
Messrs. Einarsson and Alter, of the Students’ Observatory, 


Berkeley, Cal,, computed the orbit as follows :— 
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ELEMENTS 


Time of perihelion passage (7°) 


Perihelion minus node (w) 
Longitude of node (02) 
Inclination (2) 
Perihelion distance 


1915, October 13°06, G.M.T. 


115° 44’ 
76° ol’ 
10 - 


0°469. 


EPHEMERIS 


G.M.T. R.A. 

h m 

1915, September 23°5 It 04 
27°5 

October I2 og 

5°5 12 41 


Dr. Reynold K. Young, of the Dominion Observatory, has 
furnished the accompanving diagram showing the comet’s orbit 
in space. As he states in the note beneath the diagram, the 
comet is near the sun, and being so poorly placed for observation, 
the path amongst the stars is not given. 


2°25 


Decl. Light 
s 4 
50 +24 32 1°24 
23 2t 54 
52 18 32 
28 14 26 
i 
{ 
{ 
‘ 
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ORBIT OF COMET I915d@ (MELLISH ) 


earth, © sun, (2 ascending node, ‘{ vernal equinox. 


In the above diagram of comet 1915d, the numbers (1, 1), 
(2, 2), etc. represent the relative position of the earth and the 
comet on the dates September 21, October 21, ete. The object 
will be very poorly placed for observation. It moves south and 
east and although growing somewhat brighter till the middle of 
October, it will then be very close to the sun, which it passes at 
about the end of the month. As may be seen from the diagram, 
the angle between the comet and the sun as viewed from the 
earth is never large thereafter, while the brightness of the comet 
diminishes as its distance increases. 
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ASTRONOMICAL NOTES 


REFLECTING POWER OF METALS FOR ULTRA-VIOLET 
Licur.—An ultra-violet spectrograph has been set up in which 
a sodium photo-electric cell connected to an electrometer serves 
to measure the intensity of the light. With this the reflecting 
powers of twenty-eight metallic mirrors have been examined ; 
namely, Al, Sb, Bi, Cd, C, carborundum, Cr, Co, Cu, Au, Pb, 
magualium, Mg, Mo, Ni, Pd, Pt, Se, Si, Ag, speculum, steel 
stellite, Ta, Te, Sn, W, Zn. 

The curves of reflecting power have been drawn throughout 
the region 1800 to 3800 A, and it has been shown that the 
reflecting power for light of wave-lengths shorter than 3000 4A 
is rarely above 50 per cent., with one noteworthy exception, 
silicon, which shows a reflecting power of 76 per cent. in the 
region 2000 to 3000 A. 

It has been shown that brilliant opaque films of silicon can 
be prepared by cathode sputtering. —Summiary of paper by E. O. 
HvuLBERT, in Astrophysical Journal, October, 1915. 


SPECTRAL CLASSIFICATION OF STARS.— The experimental 
evidence thus appears fully to establish a physical continuity 
corresponding to the Draper sequence, and suggests that the 
temperature — or perhaps chiefly the energy of electrical agencies 
in the earlier stages — declines continuously, not only from the 
white to the red stars, but also from the nebulz to the white 
stars. Professor Nicholson's theoretical investigations have also 
an important bearing on the development from nebulz to the B 
stars, and no doubt he will tell us something about his work. 

It may, therefore, reasonably be maintained that the Draper 
classification is not only convenient for descriptive purposes, but 
that the order in which the spectra have been placed represents 
the probable order of celestial evolution, such evolution taking 


| 
| 
d 
| 
| 


Astronomical Notes 453 


place continuously from the chaotic conditions of nebule, 
through the white, yellow and red stars until luminosity ceases. 

There is a very general agreement that the great differences 
in stellar spectra are mainly due to differences of temperature, 
but the order of evolution suggested by the Draper classification 
is not universally accepted. Sir Norman Lockyer and Professor 
H. N. Russell are, in fact, strongly opposed to it. 

For nearly 30 years Sir Norman Lockyer has maintained 
that, in accordance with the theoretical work of Laneand Ritter, 
there must be stars which are getting hotter, as well as stars 
which are becoming cooler. Starting with the assumption that 
a nebula is a swarm of meteorites, he traces the change of spec- 
trum as condensation proceeds, until the highest temperature is 
reached, and the subsequent changes when the loss of tempera- 
ture by radiation exceeds the gain resulting from condensation. 
The sequence of events is represented in his well-known ‘‘tem- 
perature-curve.’’ The J/, or 3rd type, stars immediately follow 
the nebulze on the ascending branch, while the A, or 4th type, 
stars directly succeed the solar stars on the decending arm and 
represent the last phase of luminosity. The chief evidence for 
the assignment of the J/ stars to this position is the occurrence 
of bright lines of hydrogen in the variable stars of this type, 
which is regarded as an indication that all the stars of this class 
are in an early stage of condensation: variables with spectra of 
N type show no bright lines and are regarded as condensed 
bodies. At higher temperatures the spectroscopic distinction 
between stars of increasing temperature and stars of decreasing 
temperature, depends chiefly on the fact that when stars of equal 
temperature are brought together by reference to the relative 
intensities of arc and enhanced lines they are divisible into two dis- 
tinct groups. Stars of increasing temperature differ from those of 
decreasing temperature, at the same stage of heat, chiefly in the 
smaller thickness of the hydrogen lines and the greater intensity 
of metallic lines ; and in the greater thickness of the helium lines 
at those stages in which they are visible. As determined by 


these criteria, it would appear that the higher stages of the 
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ascending arm of the temperature-curve are largely represented 
by the special class of stars having the ¢ characteristic, to which 
I have already referred. Such stars, however, are comparatively 
few in number. 

Russell's hypotheses is closely akin to that of Lockyer’s in 
its distinctive features, though arrived at in a totally different 
way. It is based upon data relating to the absolute maguitudes, 
masses, and densities of the stars which have been accumulated 
with so much industry during the last 15 years. It has been 
concluded that there are two distinct classes of stars of type J/, 
one of very great and the other of very small total brightness, 
which have been called ‘‘ giants’’ and ‘‘ dwarfs,’’ respectively. 
This difference in luminosity cannot be attributed to differences 
in mass, because the surface, brightness of stars of the same type 
cannot be very different, and observations of binary stars have 
indicated thas there is no great range in the masses of stars. 
The natural conclusion is that the giants are the more luminous 
because they have a much greater volume, and, therefore, a 
much smaller density than the dwarfs. ‘* Footballs’’ and 
‘‘cricket balls’’ would thus have better expressed what the 
names giants and dwarfs are intended to convey. 

From these results Russell infers that the giant stars of what 
are commonly regarded as the later types must really be in the 
earlier stages of evolution, while stars of types / to B must be 
more advanced on account of their greater densities as determined 
from eclipsing variables. Assuming Lane’s law, he traces the 
course of celestial evolution in a manner almost identical with 
that of Lockyer. There are indications that stars with the c 
characteristic are to be numbered among the giants, and these 
stars would accordingly be placed on the ascending arm of the 
temperature-curve, exactly as they were placed by Lockyer many 
years ago. Thus, the chief divergence between Lockyer and 
Russell is in the place assigned to the J/ stars; Lockyer con- 
siders all stars of this type as being in an early stage of evolu- 
tion, while according to Russell it is only the giants with this 
type of spectrum which can be soregarded. However, in regard 
to the main question —the order of celestial evolution — it is 
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scarcely necessary to discuss the hypotheses of Lockyer and 
Russell separately at the present stage. 

We have then to consider two principal hypotheses as to the 
course of stellar evolution :— 

(1) That there is a continuous progression from nebulz to 
the red stars, in the order indicated by the Draper sequence — 
P, O, B, A, F, G, K, M. 

(2) That the history of a star begins with a cool nebulous 
mass which first condenses into a red star of type J/, continues 
through the yellow tothe white stage with increasing temperature, 
and subsequently, with falling temperature, again passes through 
the yellow tothe red star stage—7. ¢., the order of events, so far as 
it has been specified, is 17, A, G, F, A, B, A, F, G, K, M. 

The first hypothesis is based entirely upon consideration of 
the observed spectra, and is especially supported by the close 
relations between the spectra of nebula, Wolf-Rayet stars, and 
the stars of type B®. The second hypothesis, in the form given 
to it by Russell, derives support chiefly from the discussion of 
astronomical data in relation to spectral types, and our estimate 
of its probability will, no doubt, be largely determined by the 
extent of our confidence in the accuracy of such data, and in 
the deductions which have been drawn from them. — PROFESSOR 
FOwLER, Manchester Meeting, British Association, advancement 
of Science. (Zhe Observatory, October, 1915). 


ORION NeEBULA.—The surprising result obtained by the inter- 
ference method, however, is that there are very appreciable 
motions within the nebula itself: deformation of the rings at 
certain quite closely adjacent points indicated differences as great 
as 10 km. per second; great collective movements were also 
revealed, the northeastern region receding, and the southwestern 
approaching, relatively to the mean velocity at the trapezium, 
with velocities of about 5 km. per second. In other words, we 
may no longer regard the nebula as an enormous mass of inert 
gas, but must consider it as writhing and seething in irregular 
contortions with velocities greater than the molecular velocity of 
mean square for hydrogen at standard temperature and pressure. 
E. B. FrostandC. A. MANEy, /opular Astronomy, October, 1915. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amatuers. The Editor will try to 
Secure Answers to Queries. 


OBSERVATIONS OF AURORE 


As the time of maximum spottedness on the sun approaches, 
the auroral displays are becoming more frequent and more 
beautiful and I am pleased to present the following notes. 


A RIBBON-ARCH AURORA IN ALBERTA 


Under date September 27, Mr. H. B. Collier writes from 
Viking, Alberta, as follows :— 

I want to give vou a memo of a unique aurora I saw on 
Wednesday last, September 22. The nearly full moon was very 
bright and scarcely a cloud appeared in the whole sky. At 
10.30 I first noticed the northern sky and a very active aurora. 
Possibly the moon gave a tint to the color display, but sucha 
peculiar light golden shade I never before noted. The form of 
the aurora was of the ribbon-arch variety, the ‘“‘ ribbon’’ wav- 
ing from end toend. Along the lower edge of the arch quite a 
decided tone of red was noticeable, making a very unusual color 
scheme. ‘The arch did not extend above 15° from the horizon, 
and at no time seemed to broaden beyond about 5°. Yet a most 
unusual performance was visible far above the arch and at times 
extending quite tothe zenith. Four or five ‘‘comet-tails’’ would 
appear and remain for minutes at a time, then one after another 
would disappear, only to take up a second position apparently. 
The nuclei of these ‘‘comets’’ invariably were to the north, 
with their tails of 10° to 20° streaming southward. The display 
was not a brilliant One, but very unique to me. 
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A CURTAIN AURORA ON SEPTEMBER 28 

Under date, October 5, Mr. Collier writes : 

On September 28th I witnessed a very fine aurora of the 
‘*Curtain’’ variety. Of marked brilliancy at times, and of a 
pale greenish yellow hue, shaded, or rather edged, with reddish 
tints, it presented a very beautiful sight. Words fail to convey 
the beauty of such a sight, for the movement of the light is as 
entrancing as the weird shapes in which this light is presented. 
Mrs. Collier, with her better knowledge of female attire, assured 


ae ’ 


me those ‘‘ curtains’ were ‘‘ frills.’’ In one instance, I noticed 
a double frill, extending probably 20°. As the waves ran from 
end to end of this very pretty piece of heavenly attire, I must 
say I fully enjoyed it. No wonder the women like to go shop- 
ping if they are permitted to handle such delicate and beautiful 
‘frills’? as I merely saw painted in the heavens. Great 
streamers ran from the curtains and converged at the zenith, 
where Vega, in all her glory, stood to watch the demonstration. 
Quite the whole northern half of the sky was covered, thus being 
the premier display, so far as magnitude, which I have wit- 
nessed. At about 8.30, I noticed the first signs of the aurora, 


and by 9 o’clock the demonstration had ended completely. 


* * 


Auroral displays were seen in the neighborhood of Toronto 
on the evenings of September 27, 28, 29. Mr. Andrew Elvins 
informed the present writer that he had predicted aurorz on the 
first two of these evenings from the clouds and general meteoro- 
logical conditions observed by him during the day. 


AUDIBILITY AND HEIGHT OF THE AURORA 
Mr. A. F. Hunter, M.A., Secretary of the Ontario Histori- 
cal Society, gives the following interesting notes. 
In a postscript to No. 11, of W. F. Wentzel’s Letters, 
printed in Vol. I. of Masson’s ‘‘ Bourgeois de la Compagnie du 
Nord-Ouest,’’ Mr. Wentzel says :— 
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‘‘ Perhaps it will be interesting to you to hear that the 
height of the aurora borealis was measured by two of the officers 
of the expedition (the Franklin Expedition, 1821, ) while at Cum- 
berland House. They took its altitude at the distance of fifty 
miles asunder at stated periods with wooden plummet quadrants, 
and, by the rules of trigonometry, found it to be between six 
and seven miles high, from three different observations.”’ 


* 


Samuel Hearne’s ‘' Journey from Prince of Wales’s Fort in 
Hudson’s Bay to the Northern Ocean in the Years 1769, 1770-1 
and 1772,"’ p. 235 (Champlain Society's Edition, Toronto, 
1911,) says :— 

‘*T do not remember to have met with any travellers into 
high northern latitudes, who remarked their having heard the 
Northern Lights make any noise in the air as they vary their 
colours or position ; which may probably be owing to the want 
of perfect silence at the time they made their observations on 
those meteors. I can positively affirm, that in still nights I have 
frequently heard them make a rustling and crackling noise, like 
the waving of a large flag in afresh gale of wind. This is not 
peculiar to the place of which Iam now writing, (Great Slave 
Lake), as I have heard the same noise very plain at Churchill 
River ; and in all probability it is only for want of attention that 
itis has not been heard in every part of the Northern Hemis- 
phere where they have been known to shine with any consider- 
able degree of lustre. It is, however, very probable that these 
lights are sometimes much nearer the earth than they are at 
others, according to the state of the atmosphere, and this may 
have a great effect on the sound: but the truth or falsehood of 
this conjecture I leave to the determinations of those who are 
better skilled in natural philosophy than I can pretend to be.”’ 
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